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Abstract

Los Alamos National Laboratory is building a 32-bit
FASTBUS computer using the NATIONAL SEMICONDUCTOR
32032 central processing unit (CPU) and containing 16
million bytes of memory. The board can act both as a
FASTBUS master and as a FASTBUS glave. It contains a
custom direct memory access (DMA) channel which can
perform 80 million bytas per second block transfers
across the FASTBUS.

Overview
The Fb32000 FASTBUS computer has been designed to
optimize high-speand  block transfers across the

FASTBUS, along with providing on-llne data reduction
and functicnal control. A 32-bir UNIX* engine, the
NS32032, 1is resi;dent on a separate execution bus,

freeing the FASTBUS for othar operations while data
reduction procecds cn the FB32000., Block transfer of
data is faci{litated by a custom DMA channel which

asaembles and moves heterogeneous linked lists of data
blocks. A 16 million byte memory allows natorage of
large Juata tables without frequent disk accesses. An
Ethernet nort connects the FB32000 to external dev-
ices.

In order to support 12-bit data calculations and effi-

cient data movement within the FASTBUS environment, a
32-Lit microcomputer with virtual memory management
was chosen as the main processing element. The

Nationa) Semiconductor NS32032 family with hardware
floating point, interrupt control, memory management
and DMA controller provides all nacessary functions in
¢ complete chip set. The N532032 has a highly orthog-
cnal instruction set which eascs thea software develop-
oent task. The CPU and asupport chips reside on a
local erecution bus, reserving the FASTBUS for Inter-
device block transfors via the custom DMA channel.

A custon Ligh-spsed DMA channel between the FBJ2000
memory und the FASTBUS is intended for multiple block
transfers of pussibly non-contiguous data fjields
located anyvhere in mamory., Block size can be hetero-
geneous and may vary from one J2-bit word to the
entire four wmillion word memury. A hardware pointer
processur allows stripping headers or trailers from
data blocks and storing them i1n a swoparate area in
memory without intervention by the software.

The FASTBUS iInter{ace i{s based on programmable array
lugic (P'ALs) and ASKOM FMAG6Ol gate array chips. The
juterface suppotts master/slave operation, parity gen-
eratfon and checking, and wmingle or block mode

transfery. The :832u." can be addressed !n eithar
gpeographical or logical address space.[1]

Detailed Demcription
The National Semiconductor N§32032 and Its wupporting

chip get furnish high-level languuge muppor. through a
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very orthogonal instruction set, hardware memory
management and a floating point slave processor. The
CPU has eight 32-bit internal registers connectert by
J2-bit internal and external data paths. The 24-bit
external address port accesses 16 million bytes of
random access memory (RAM). When clocked at 10 Mz,
the NS32032 executes ! million instructions per
second,

A floating point slave processor, the NS32081, per-
forms single and double precision IEEE standard P754
binary floating point arithmetic. The NS32081
features eight 32-bit regiuters, and performs a double
precision floating point multiply in 6.2 Wsec when
clocked at 10 MHz.

Intesrrupt control and counter-timer functjons are com-
bined 1in the NS32202 Jnterrupt control unit (ICU).
The ICU contains two l6-bit countera, which may be
cascaded, and responds to 16 maskable prioritized
interrupta. An {nterrupt vector is generated by the
ICU to npeed processing of external events.

The NS$S32082 memory management unit (MMU) incorporates
a )2 entry on-chip translation cache which is automat-
icully updated from page tables {(n memory. Addrass
translation 1s performed on chip, with 24-bit logical
to 24-bit physical mapping of 512-byte pages. The MMU
also supports program development with hardware break-
point and program trace-back registers.

Peripharal devices resident on the internal bus of the
FB32000 have accems to DMA provided by the N532203 DMA
control chip. The NS3220) {ms functionally separate
from the high-aspecd custom DMA channel to the FASTBUS,
and operates av up to 5 million bytes per second
transfer rates. Four 16-bi: 1/0G channels can format
data from 8-bit peripherals {nto 16-bit words for
afficlent utilization of bus reuourcesm.

Time stamping of data files and an {interrupt alarm
function are realized with the MM38167 real time
clock. Battery backup preventu lous of time synchron-
featlon during power down.

Software development, file system accves, process con-
trol, sjmple maintenance, and local area networking
are possible through an on-board Ethernet port. Eth-
ernet s Implemented with the Advance!d Micro Devices
AN"990-AM7992 chip set utiliring a buffe-ed DMA port
to memory.

A large memory resides on the local FBI20U0 execution
bus allowing storage and proceseing of very large data
tables or keepiug u large program resident {n momory
without the necomsity of frequent disk accesses. The
semory {s divided fnto 128K bytes of read only memory
(ROM), and wup tu 16 million bytes of RAM. The RAM
section {s divided Into four banks of four tiers
sach, with ocach tier comprising four dingle in=-line
surface mounted memory modules of nine RAM chips weach.
The bourd {m configurable to use elther 64K bit or
236K bit chips and may have from one to four tiers
populated at o time, resulting In mamory configura-
tions of from | million bytes to 16 millfon bytes of



RAM. The four memory banks are interleaved at the
word level in order to speed block transfers by read-
ahead and write-behind of data. Parity is generated
aud checked ar the memory port and scored byte-wise in
RAM. Word parity is also gene-ated and checked at the
FASTBUS interface.

Each memory bank is controlled by a synchronous state
machine implemented in Texas Instruments B-PALs.
These state machines handle timing and data latch con-
trol as well as controlling the bank address counter
in block transfer mode. The banks cycle independently
and are run in page mode at all times. Page mode tim-
ing allows wmany column accesses per Tow access,
greatly improving access time and minimizing operating
power. An address comparator, located in each bank,
detects a chai.ge in the row address and causes a row
address cycle whenever necessary. In block transfer
mode, all addresses increase monotonically, causing a
row address cycle once every 512 addresses, and addi-
tionally once every 9.5 U sec due to the row address
strobe timing out. In a normal access mcde, program
and data locali-y rends to keep row address cycles to
a minimum.

Refresh control is synchronized across all tiers and
banks by a PAL-based state machine that allows the
banks to refresh as soon as the current data cycle 1is
finished. In burst mode, this results in a refresh
ripple across theo banks since each bank ie skewed Dby
one FASTBUS transfer time.

A custom DMA channel between the FALTDUS and the
FB32000 memory controls burst-mode data transfers on
and of f the FASTBUS. Tne DMA channel operates at
'wurat speeds up to 80 million bytes per second and
incurporates saveral features useful in file transfer.
n pointer reglster {{le of 1K 24-bit address pointer
pairs is accessible by the CPU In both read and write
mode. This register file contains pointerds to start-
ing and stopping addresses of the data blocks to be
moved . The pointer peirs can point to any size block
from one wcrd to 4 million worde, or the entire con-

ents of RAM memory. As no sequence or set s8ize s
imposed ou the pointer ljst, data may be moved 1in
heterogeneously sized blocks located anywhere in
memory, and ona data block may overlap another data
block. The DMA control register contains a data
source bjt which may be set to clear an array to
either 00000000 or FFFFFFFF (hex) at DMA transfer
speed. This feature may be used to {nitialize an

array to all ones or all zeros at 80 millfon bytes per
second.

Design of the memory. interleaver, and DMA wubsystem
was accomplished with a register transfer nierarchical
approach and scveral automated engineering aids. The
scheuatic capture was done on VALID SCALD design sta-
tions, state msachine desipgns were compiled using the
Berkeley VLSI Tool Sets' PEG progrom, and PALS vere
ganerated by PALASM and CUPL, The main data patas,
registers, and speclal functions such as parity jen-
eration and address comparison ware blocked out a: the
system level, and then expanded {teratively without
regurd to registar control or sequencing. An algo-
rithmic description was then developed for drta path
control, and portions of the algorithm tranelsted Into
PEG souurce laaguage. Al “his point criticil timing
pathy were identified, and register Implencntations
ware modi{fled where nccessary. PEG, an ccronym for
Programmable array logic Equation Generator, outputy

Boolean erquations for a Moore model mtat: machine Jn
which outputs are strict functions of the state var!-
ables, given a puftable algorfetim as fnput. The

output is suitable for implemertation of the logic
design in a custom VLSI chip, so a filter, PEGASM, was
developed by members of our group to transform the
output into PALASM format. After the PEGC source is
compiled and translated into PALASM, a PAL device may
be programmed. The result is an implementation of the
control function with off-the~shelf PAL devices. CMUS
UV-erasable PALS were used during development to allow
cost effective fteration of the design. Some portions
of the control logic, e.g. the pipeline handshake
between the interleaver and the FASTBUS data {nter-
face, were not possible to design using PEG because of
asynchronous operation, speed constraints, or both.
In these instances the design was simulated on Cericor
CAE software running on a Sun workstatjon, or in some
inetances on the VALID loglc design stations. Major
subblocks of the design were prototyped, including the
CPU, memory banks, Ethernet Interface, and FASTLUS
interface.

Certain unexpected timing constraints were wvacovered
as the design progressed, such as the surprising
result that, due to pipeline delays, the 80 mjllion
bytes per usecond wmemory joterface willl just keep up

with no-wajt-state operation of a 10 MHz 32032 CPU
fetching one operand in 400-500 ops. In order to
satiafy the N532032's memory fetch timing, 120 ns

DRAMs were wused, and a custom RAM controller was
designed to take full advantage of access times. A
state machine approiach was used to design the RAM con-
troller, which had to handlc puge mode timing control,
address source multiplexing, and random and block mode
accesses. A 20 MHz clock speed was used tu cul timing
penalties associated with the quantized timing of the
state machine. Glitch-fee¢ operation necessitated a
reagistered variable approach, forcing the division of
the RAM controller inve four PAL devices. The design
wag implemented in ‘rexas lnstruments TIBPALI6RB logic
devices, and ran g'itch-free vut to 40 MHz.

The DMA channel consists of a 22-bit address

counter,
a 2K word 2¢-bit address stack, a stack pointer
counter, a coutrol regliter, various data and address

paths, and a state machine to control DMA operation.
A 20-bit address counter located in each memory bank
is also assoclated with burst mode data transfer
through “he DMA channel. The memory s run with a
read-ahead/write-behind scheme to take fuyll advantage
of the inherent pipelining of the {nterleaved memory
desipn. Since this requires the memory banks to be
accresing different addresscs at the same time,
senarate addreys counters were used for each bank.

included below {8 a sample PEG source f{le used to
fmplement the refresh controller. Commenls appear as
a double dash (--) followed by text to the end of the
line. The actual program startu with the "INPUTS" key
word and {ncludes conutructs for state sequence con-
trol and output varfable assertion, The control
statements allow n-way branching (CASE, GUTO), ({dling
(LOOP), and control based on slngle and multiple {nput
variables (CASE, IF-THEN).

This is the peg source [{le for the FASTBUS mult{-bank
refresh controller, The controller handles the fol-
lowing functlon::

(1) 1t detecty the RFCK output from the National Sem-
feonductor DPBAJOO refresh timer, and generates 4
independent refresh requests to the 4 memo'v
banks In the FASTBUS card.

(2) It independently  rvewets  each  RFRQn

output  on
recelpt of RFADn(L) from cach bank.



(3) On receiving all four RFADn(L) signals from the
memory banks, it generates an INCRFAD (increment
refresh addreas) signal to the refresh address
counter, and then loops back to waiting for RFCK.

--SIGNAL LIST:

--RESET: This signal clears all registers. (low
==true)
-=RFCK: Input (high true) from DP84300. Signals

-~time for refresh.
-=RFADJ..RFADO: Input (low true) from memory
--banks 3..0. Memory banks
=-=-generate this signal while
--performing a refresh cycle.
=-=Used to detect refresh
--complete.

--RFRQ3..0: Output (high true) signals bank(n)
=-to perform 1efrech.

==INCRFAD: Output (high true). Used to
==increment refresh address
-=-counters. Its complement is fed
==to the DP84300s' REFRESH input
-~to indicate refresh complete
=-~across all banks.

INPUTS:
OUTPUTS:

RESET RFCK RFAD] RFAD2 RFAD! RFADO;
RFRQJ RFRQ2 RFRQI RFRQO INCRFAD,
zero;  IF NOT RFCK THEN LOOP;
--thiy is the reset sta‘ec.
une:  ASSERT RFRQ3 RFRQ2 RFRQL RFRQO;
CASE (RFAD3 RFAD2 RFADI RFADO)
1111 » two;
ENDCASE -~ LOOP;~--wait for all banks
=-=to respond.
two: ASSERT INCRFAD;--reset all RFRQ lines,
==Increment refresh count
==and handshake to DI'84300
ASSERT INCRFAD;
GOTO zero;

three:

GENIX, a Nat{ional Semiconductor purt of Berkeley 4.2
bed UNIX* to the N832032, was purchased by the Los
Alamos Natjional Laboratory and the wmource code s
being modified to accomplish a UNIX* pory Lo the

FB32000.

The FASTBUS interface Is daivided into four sectiona:
master logic; alave logic; CSRs; and the FASTBUS to
local bus Interface. Askom FMA60! ECL macrocell chips
were used to implement the data path in the FASTBUS to
local bus interface. The FMA6O! coasists of an B8-bit
8lice of the (following functions: FASTBUS drivers;
FASTBUS reccivers; output latches; par.ty logic; logi-
cal address register and compace; and local bus
drivers and recelvers. The Inierface also 1iacludes
ECL-TTL level translation utilizing 10124 and 10125
buffer chips,

The FB32000 implements CSRa O, 3, 5, 7, B, 9, A-F and
100 through lOF. CSRO contains thc device i.D. and 16
control and status bits, CSK) is the logical address
register, and CSKR8 Is the master arbitration level
regiater. CSR5, CSRg A-F and 100-10F are usmed for
Interdevice hlock cransfer parameters. CSR7 {s used
for storing the broadcast mode case 2 class "N" values
in slave mode. CSR9 provides master timing control
for diagnostic purposes.

Geographical, logical, and broadcast cases 1-5 primary
address cycles are supported by the slave logic.
Block tranafer, random read/vwrite, and secondary
address cycles are fullv supported. The slave logic
i based on a PAL design by Dowvning and Pregernigl2].

The master logic Is Implemented in a finite stete
machine which coordinates all FASTBUS and local bus
operatfons.  The state mackine 18 controlled by a
local bus CSK with read/write accesw by the N532032.
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